Painful peripheral neuropathy is a severe side effect in oxaliplatin therapy that compromises cancer patients' quality of life. However, its underlying pathogenic mechanisms remain largely unknown. Here, we found that intraperitoneal consecutive administration of oxaliplatin significantly increased excitability of small diameter dorsal root ganglion neurons and induced thermal hyperalgesia in rats. Furthermore, the CX3CL1 expression was significantly increased after oxaliplatin treatment, and intrathecal injection of a neutralizing antibody against CX3CL1 markedly attenuated the enhanced excitability of dorsal root ganglion neurons and thermal hyperalgesia. Importantly, the upregulated CX3CL1 is mediated by the NF-jB signaling pathway, as inhibition of NF-jB p65 activation with pyrrolidine dithiocarbamate or p65 siRNA inhibited the upregulation of CX3CL1, the enhanced excitability of dorsal root ganglion neurons, and thermal hyperalgesia induced by oxaliplatin. Further studies with chromatin immunoprecipitation found that oxaliplatin treatment increased the recruitment of NF-jB p65 to the CX3Cl1 promoter region. Our results suggest that upregulation of CX3CL1 in dorsal root ganglion mediated by NF-jB activation contributes to the peripheral sensitization and chronic pain induced by oxaliplatin administration.
Introduction
Oxaliplatin is a third-generation platinum-based chemotherapeutic agent widely used for therapy of various types of cancers. 1 The application of oxaliplatin is often associated with a dose-limiting acute or chronic pain syndrome 2 that compromises cancer patients' quality of life and hampers optimistic use of oxaliplatin in clinical treatment. 3, 4 Although many therapies have been investigated for preventing or minimizing oxaliplatin chemotherapyinduced painful neuropathy, there is no well-accepted proven therapy. 5 Hence, investigating the underlying pathogenic mechanisms remains a high research priority.
Accumulating evidence has demonstrated that chemokines play important roles in chemotherapy-induced chronic pain. 6, 7 For example, CCL2 expression in the dorsal root ganglion (DRG) or CXCL12 expression in the spinal cord is critical for chronic pain following paclitaxel or vincristine treatment, respectively. 6, 7 Recently, CX3CL1 has been identified to mediate painful responses in chemotherapy drug-induced pain models. [8] [9] [10] Upregulation of CX3CL1 in spinal dorsal horn contributed to oxaliplatin-induced acute pain. 8 In addition, activation of CX3CL1/CX3CR1 signaling in DRG plays a pivotal role in paclitaxel-induced painful peripheral neuropathy. 10 It is well-known that the hyperexcitability of DRG neurons contributes to neuropathic and inflammatory pain. 11, 12 However, whether CX3CL1 mediates oxaliplatin-induced chronic pain via regulating the excitability of DRG has not been elucidated.
Studies showed that nuclear factor-jB (NF-jB), as a critical transcriptional factor, played critical roles in the induction and development of chronic pain. [13] [14] [15] Activation of NF-jB participated in nerve injury or inflammation-induced pathological pain. 16, 17 Recent studies showed that NF-jB is also involved in chemotherapy-induced chronic pain. 8, 9 However, whether activation of NF-jB p65 in DRG is involved in oxaliplatin-induced chronic pain is still unclear. Moreover, NF-jB can modulate the expression of proinflammatory factors such as CXCL10 and CCL2 during neuroinflammation. 18 Inhibition of p65 activation reduced the upregulation of CXCL10 and CCL2 in sciatic nerves and DRG. 18 Whether NF-jB regulates CX3CL1 expression at the transcription level in DRG remains unclear.
In the present study, we examined whether NF-jB activation-mediated upregulation of CX3CL1 in the DRG participated in oxaliplatin-induced peripheral sensitization and chronic pain. Our novel understanding of the mechanism of oxaliplatin-induced chronic pain in cancer therapy could partly enlighten a new therapeutic strategy to prevent pain hypersensitivity.
Materials and methods

Animals and surgery
Male Sprague-Dawley rats (220-250 g body weight) were supplied by the Institute of Experimental Animals of Zhengzhou University. All rats were housed in separated cages with ad libitum food and water. The room was kept at 25 C and 50% to 60% humidity under a 12/12 h light/ dark cycle. Rats were randomly divided into different experimental groups. All experimental procedures were approved by the Institutional Animal Care Committee of Zhengzhou University and were carried out in accordance with the guidelines of the National Institutes of Health Guide for the care and use of laboratory animals. All efforts were made to minimize animal suffering and to reduce the number of animals used.
For intrathecal injection of drugs, a polyethylene-10 (PE-10) catheter was implanted as described by our previous study. 19 In brief, rats were anesthetized intraperitoneally with sodium pentobarbital (50 mg/kg), and a sterile catheter filled with saline was inserted into subarachnoid space of the rat through the L5/L6 intervertebral space and gently advanced caudally to the spinal lumbar enlargement level. Then, the catheter was fixed under the skin with paravertebral muscles and sutured to the head of the rats. After they completely recovered from anesthesia, the correct placement of the catheter was confirmed by observing the behavior of dragging or paralysis in bilateral hind limbs following the injection of 2% lidocaine (10 ll). Finally, rats with catheter prolapse, infection, or neurological deficit were excluded from the following experiments.
Drugs and administration
Oxaliplatin was purchased from Sigma (USA) and dissolved in 5% glucose/H 2 O as a stock solution of 1 mg/ml, as reported in a previous study. 8 Rats were intraperitoneally administered oxaliplatin at 4 mg/kg once per day for five consecutive days to induce thermal hyperalgesia. The control rats were intraperitoneally injected with an equivalent volume of 5% glucose/H 2 O. Intrathecal injection of isotype IgG (10 lg in 10 ll, R&D system, USA), a neutralizing antibody against CX3CL1 (10 lg in 10 ll, Torrey Pines Bio Labs, USA), ammonium pyrrolidine dithiocarbamate (PDTC; 200 ng in 10 ll, Sigma, USA), scramble siRNA (50 lg in 15 ll, Ribobio, China), or NF-jB p65 small interfering RNA (siRNA; 50 lg in 15 ll, Ribobio, China) was performed 30 min before oxaliplatin administration.
Behavioral test
Thermal hyperalgesia was tested using a plantar test (7370, Ugo Basile Plantar Test Apparatus, Italy) according to the method described by Hargreaves et al. 20 Briefly, a radiant heat source (set at an intensity of 55 C) with a 10 mm aperture beneath a glass floor was aimed at the plantar surface of the hind paw of rats. Three measurements of rat withdrawal latency were taken for each hind paw in each test session. The hind paw of each rat was tested alternately with greater than 5 min intervals between the consecutive tests. Three measurements of withdrawal latency per side were averaged for the result of each test. A 20 s cutoff was set to prevent tissue damage. The experimenter who conducted the behavioral test was blinded to the intervention.
Culture of DRG neurons and electrophysiological recordings DRG neurons were dissociated using enzyme digestion as previously described with minor modifications. 21 In brief, L4 and L5 DRGs were excised, freed from their connective tissue sheaths, and broken into pieces with a pair of sclerotic scissors in DMEM/F12 medium (GIBCO, USA) under low temperature (in a mixture of ice and water). After enzymatic and mechanical dissociation, DRG neurons were seeded on cover slips coated with Poly-L-Lysine (Sigma-Aldrich, USA) in a humidified atmosphere (5% CO 2 , 37 C) and used for patchclamp investigation 4 h after plating.
Whole-cell patch-clamp recordings from acutely dissociated DRG neurons were performed using an EPC-10 amplifier and the PULSE program (HEKA Electronics, Lambrecht, Germany). Patch pipettes were fabricated from borosilicate glass capillaries (Sutter Instruments, Novato, CA) using a Sutter P-87 puller (Sutter Instruments, Novato, CA). After being filled with an internal solution, the recording patch pipette had a resistance of 4 to 8 MX. The action potentials of DRG neurons were recorded on small-size DRG neurons, which were defined by the diameter (430 lm) and C m (428.3 pF), as other studies described in literatures. 21, 22 The external solution contained the following (in mM): 140 NaCl, 3 KCl, 1 MgCl 2 , 1 CaCl 2 , and 10 HEPES, pH adjusted to 7.3 with NaOH. The pipette solution contained the following (in mM): 140 KCl, 0.5 EGTA, 5 MgATP, and 5 HEPES, pH 7.3 with KOH. By using current-clamp recording, the small-size DRG neurons were held at 0 pA, and first, the firing thresholdrheobase of the cell was measured by injecting a series of 100 ms depolarizing current in 5 pA steps from 0 pA, which could elicit the first action potential. Second, to determine the firing properties of DRG neurons, a large depolarizing current (500 ms, 2.0-fold rheobase) was applied to elicit the cell producing sufficient firing.
RNA extraction and quantitative polymerase chain reaction
Total RNA was extracted from the rat L4 and L5 DRG tissues with Trizol reagent (Invitrogen). Reverse transcription was performed using oligo-dT primer and M-MLV reverse transcriptase (Promega, USA) according to the manufacturer's protocol, with minor modification as described elsewhere. 8 The cDNA was amplified using the following primers: CX3CL1 forward, 5
0 -CTCACCGGCCTCATCCACAT-3 0 ; and NF-jB p65 reverse, 5 0 -TGGCTAATGGCTT GCTCCAG-3 0 . Real-time quantitative polymerase chain reaction (PCR) was performed using SYBR Green quantitative PCR SuperMix (Invitrogen) and the ABI PRISM 7500 Sequence Detection System (USA). The reactions were set up according to the manufacturer's protocol. The PCR amplifications were performed at 95 C for 3 min followed by 40 cycles of thermal cycling (10 s at 95 C, 20 s at 58 C, and 10 s at 72 C). The melting curves were performed to validate the utility and specificity of each PCR product. The relative expression ratio of mRNA in the DRG tissues was evaluated using the Comparative CT Method (2 ÀDDCT ).
Western blot
Western blot analysis was performed according to the manufacturer's protocol with minor modification as described elsewhere. 8 Six rats were randomly selected from each group and deeply anesthetized with sodium pentobarbital (50 mg/kg, i.p.) at different time points. The L4 and L5 DRGs were immediately removed and homogenized on ice in 15 mmol/l Tris containing a cocktail of proteinase inhibitors and phosphatase inhibitors. Protein samples were separated by gel electrophoresis (sodium dodecyl sulfate polyacrylamide gel electrophoresis) and transferred onto a polyvinylidene difluoride membrane. The blots were placed in the block buffer for 1 h at room temperature and incubated overnight at 4 C with primary antibodies against CX3CL1 (1:500, R&D Systerms, USA), NF-jB p65 (1:1000, Abcam, USA), phosphorylated NF-jB p65 (Ser311; 1:1000, CST, USA), and GAPDH (1:20000, Sigma, USA). The blots were then incubated with horseradish peroxidase-conjugated secondary antibody. Electro-Chemi-Luminescence (ECL) (Pierce, USA) was used to detect the immune complex. The band was exposed by Chemiluminescence and Fluorescence Imaging System (G:BOX XT4, Syngene, UK) and quantified with a computer-assisted imaging analysis system (NIH ImageJ).
Immunohistochemistry
For immunohistochemistry analysis, six rats were randomly selected from the oxaliplatin group. The rats were deeply anesthetized with sodium pentobarbital (50 mg/kg, i.p.) and perfused through the ascending aorta with saline (4 C) followed by 4% paraformaldehyde (4 C, pH: 7.4). After perfusion, L4 and L5 DRGs were removed and postfixed in the same fixative for 2 h and then placed in 30% sucrose overnight. Cryostat DRG sections (16 lm) were cut and processed for immunohistochemistry with 3% donkey serum in 0.3% Triton X-100 for 1 h at room temperature and then incubated with primary antibodies (anti-CX3CL1 antibody, 1:500, R&D Systems; anti-phosphorylated NF-jB p65 (Ser311) polyclonal antibody, 1:300, Cell Signaling Technology; anti-neuroflament-200 (NF-200) antibody, a marker for myelinated A-fibers, 1:200, Chemicon; isolectin B4 (IB4)-conjugated FITC, a marker for unmyelinated C-fibers, 1:25, Sigma; anti-GFAP antibody, a marker for satellite glial cell, 1:200, Chemicon) overnight at 4 C according to the method described by Xu et al. 23 After washing with 0.1 M phosphate buffer solution (4 C, pH: 7.4), all of the above sections were incubated with a mixture of fluoresceinisothiocyanat-and Cy3-conjugated secondary antibodies (1:400; Jackson Immuno Research, USA) for 1 h at room temperature, except IB4-treated DRG sections, which were only incubated with Cy3-conjugated secondary antibody. After washing with 0.1 M phosphate buffer solution (4 C, pH: 7.4), the stained sections were examined with a Leica (Leica, Solms, Germany) fluorescence microscope, and the images were captured with a Leica camera (DFC350 FX).
siRNA preparation, transfection, and screening Specific siRNAs were used to knockdown the expression of NF-jB p65. According to a previous screening test, the siRNA with the nucleotide sequences of 5 0 -GC AUCCAGACCAACAAUAAdTdT-3 0 (sense) and 3 0 -d TdTCGUAGGUCUGGUUGUUAUU-5 0 (antisense) showed significant efficacy to prevent the expression of the NF-jB p65 subunit in a spinal cord in vivo; 9 this siRNA targeting rat Rela (NF-jB p65) gene was designed and synthesized by Ribobio (China) for the subsequent experiments in vivo.
Chromatin immunoprecipitation assays
Chromatin immunoprecipitation (ChIP) assays were performed using the CHIP Assay kit (Thermo, USA) following the manufacturer's protocol as described elsewhere. 9 The rats' L4 to L5 DRGs were placed in 1% formaldehyde and sonicated on ice for 2 min. After DNA was fragmented and sheared with micrococcal nuclease, aliquots were kept for input DNA as control or subjected to ChIP with 1 lg of either the rabbit p65 antibody (Abcam, USA) or rabbit control IgG (Cell Signaling Technology, USA). Following incubation with precleared chromatin solution overnight, the complexes of antibody and DNA were captured, washed, and eluted, and the cross-link was reversed. The DNA purified from the complexes, and the input fractions were resuspended in nuclease-free water, and quantitative real-time PCR or semiquantitative PCR was conducted as described in the above methods. The relative ChIP/input ration was calculated. The primers (5 0 -GCTGCCCTGACCATAAAT-3 0 and 5 0 -AGCTGT ACGGCACTCACC-3 0 ) were designed according to the description of Li et al. 9 to amplify a À1941/À1931 region that contained a NF-jB binding site and was related to the transcription start site of rat CX3CL1 promoter.
Statistical analysis
All data were expressed as the means AE SEM and analyzed with SPSS 13.0 (SPSS, USA). Western blot, quantitative PCR, and electrophysiological data were analyzed via two-way analysis of variance followed by a Tukey post hoc test. For behavioral tests, one-way or two-way analysis of variance with repeated-measures followed by a Tukey post hoc test was carried out. The criterion for statistical significance was P < 0.05. While no power analysis was performed, the sample size was determined according to our and peers' previous publications on painful behavior and pertinent molecular studies.
Results
CX3CL1 upregulation contributed to thermal hyperalgesia following oxaliplatin administration via enhancing DRG neuronal hyperexcitability
In the present study, we first observed the paw withdrawal latency in the rats following oxaliplatin administration (4 mg/kg for five consecutive days, i.p.). The results revealed that oxaliplatin treatment could induce thermal hyperalgesia from day 5, and this was maintained to the end of the experiment (day 10) (n ¼ 8/ group; Figure 1(a) ). Next, we examined the expression of CX3CL1 in DRG after oxaliplatin treatment. Oxaliplatin application (i.p.) increased CX3CL1 expression of mRNA and protein levels in DRG significantly from day 5, and this was sustained till day 10 after treatment (n ¼ 6/group; Figure 1(b) and (c) ). Immunohistochemistry results further showed that CX3CL1 expression was exclusively located in IB4-and NF-200-positive cells but not in GFAP-positive cells in DRG after oxaliplatin treatment on day 7 (n ¼ 6/group; Figure 1(d) ). In addition, consecutive intrathecal administration of neutralizing antibody against CX3CL1 at a dose of 10 lg/10 ll for 10 days significantly attenuates oxaliplatin-induced thermal hyperalgesia (n ¼ 8/group; Figure 2(a) ). It is well-known that neuronal hyperexcitability played an essential role in the development of chronic pain, and thermal hyperalgesia is mediated by small diameter DRG neurons. 24, 25 To illustrate whether oxaliplatin-induced CX3CL1 upregulation regulate DRG neurons-mediated peripheral sensitization, we first observed the change of action potentials in the small diameter DRG neurons ( 4 30 lm) of rats following oxaliplatin treatment. The results showed that the spike number of small diameter DRG neurons was significantly increased on days 5, 7, and 10 following oxaliplatin treatment (i.p.) (n ¼ 22/group; Figure 2 small diameter DRG neurons on day 7 following oxaliplatin treatment (n ¼ 22/group; Figure 2(b) and (c) ). These results suggested that increased CX3CL1 in DRG enhanced the excitability of DRG neurons and contributed to chronic pain induced by oxaliplatin treatment. However, the mechanism of CX3CL1 upregulation in DRG mediated by oxaliplatin treatment is still unclear.
Activation of NF-jB contributes to neuronal hyperexcitability in DRG and thermal hyperalgesia induced by oxaliplatin
It is well-known that NF-jB, as an important transcriptional factor, via regulating the expression of many cytokines and chemokines, contributes to neuropathic pain induced by nerve injury and inflammation. 26, 27 A peer's study further indicated that NF-jB activation in the spinal cord played an important role in oxaliplatininduced acute pain. 8 To determine whether NF-jB signaling in DRG participated in oxaliplatin-induced chronic pain and peripheral sensitization, we first investigated the expression of phosphorylated NF-jB p65 in DRG following oxaliplatin treatment. The result showed that the expression phosphorylated p65 at Ser311 was significantly upregulated in DRG after oxaliplatin treatment (n ¼ 6/group; Figure 3(a) ). Behavioral study further indicated that continuous administration of NF-jB p65 inhibitor PDTC (200 ng/10 ml for 10 days, i.t.) ameliorated thermal hyperalgesia induced by oxaliplatin (n ¼ 8/group; Figure 3(b) ). To further confirm the role of NF-jB p65 in DRG in thermal hyperalgesia, we intrathecally injected siRNA targeting NF-jB p65 (50 lg/ 15 ll for 10 days), which is validated for the deletion of spinal cord CX3CL1. 8 The results showed that the mRNA level of NF-jB p65 was downregulated by intrathecal injection of NF-jB p65 siRNA significantly in DRG (n ¼ 6/group; Figure 3(c) ), which indicated the efficiency of NF-jB p65 siRNA. Importantly, NF-jB p65 siRNA (i.t.) also significantly inhibited thermal hyperalgesia induced by oxaliplatin treatment (n ¼ 8/ group; Figure 3(b) ). Next, we examined the role of NF-jB p65 in oxaliplatin-induced neuronal hyperexcitability in small DRG neurons. The results showed that continuous administration of PDTC (i.t.) or NF-jB p65 siRNA (i.t.) reduced the increased spike numbers in small DRG neurons on day 7 following oxaliplatin treatment (n ¼ 22/group; Figure 3(d) and (e) ). Taken together, these findings suggested that NF-jB p65 might be involved in oxaliplatin-induced thermal hyperalgesia via increasing DRG neuronal excitability.
NF-jB modulated CX3CL1 upregulation in DRG via enhancing the recruitment of NF-jB p65 to the CX3CL1 gene promoter region Upon activation of the NF-jB signaling pathway, NF-jB p65 can bind to a target gene promoter and facilitate the expression of target genes. 28 To determine whether NF-jB p65-modulated expression of CX3CL1 in DRG contributed to oxaliplatin-induced persistent pain, we first investigated the location of NF-jB p65 and CX3CL1 in DRG cells; double immunostaining results showed that the activation of NF-jB p65 was localized in the CX3CL1-positive cells following oxaliplatin treatment on day 7 (n ¼ 6/group; Figure 4(a) ). In addition, intrathecal injection of NF-jB inhibitor PDTC or specific p65 siRNA reduced the upregulation of CX3CL1 in mRNA and protein levels in DRG following oxaliplatin treatment (n ¼ 6/group; Figure 4 (b) and (c)). Next, we examined whether activated NF-jB p65 can bind to the CX3CL1 gene and mediate CX3CL1 protein expression. Analysis from TFSEARCH and the jaspar database first showed that the position À1941/À1931 of the CX3CL1 gene is a potent-binding site for NF-jB p65. Then, ChIP-PCR assay was performed to examine the interaction of p65 and CX3CL1 gene. The results showed that the recruitment of p-p65 to the CX3CL1 gene promoter (a 162-bp fragment from À2029 to À1867) was significantly increased after oxaliplatin treatment on day 7 (n ¼ 6/group; Figure 4(d) ). These results suggested that upregulation of CX3CL1 in DRG induced by consecutive administration of oxaliplatin is dependent on the NF-jB p65 signaling pathway.
Discussion
In the present study, we provide evidence that CX3CL1 upregulation mediated by NF-jB p65 activation in DRG contributes to the peripheral sensitization and chronic pain induced by treatment with the chemotherapeutic drug oxaliplatin. Thermal hyperalgesia is a well-known marker of oxaliplatin neurotoxicity. 29 Here, we observed the paw withdrawal latency of oxaliplatin-treated rats and found that intraperitoneal administration of oxaliplatin (4 mg/kg) for five consecutive days in rats also markedly induced thermal hyperalgesia. In addition, the neuronal excitability of small diameter DRG neurons was enhanced following administration of oxaliplatin. These results indicate that neuronal hyperexcitabilitymediated peripheral sensitization is involved in the genesis of oxaliplatin-induced chronic pain. We further found that oxaliplatin application upregulated the expression of CX3CL1 in DRG neurons, and intrathecal administration of anti-CX3CL1 neutralizing antibody significantly attenuated thermal hyperalgesia following oxaliplatin treatment. In line with our findings, other studies have shown that CX3CL1 upregulation in rat DRG was involved in inflammatory pain 30 or disc herniation-induced pathological pain. 31 In addition, the result that neutralization of CX3CL1 activity prevented the increase of action potential firing in DRG neurons following oxaliplatin treatment suggested that DRG neuronal hyperexcitability mediated by CX3CL1 might be a major reason for oxaliplatin-induced chronic pain.
It is well-known that cytokines or chemokines synthesized by DRG neurons modulate the properties and number of ion channels in nociceptive sensory neurons. 32 ,33 A peer's study showed that treatment of cultured DRG neurons with TNF-a enhanced the tetrodotoxin-resistant sodium currents. 34 Therefore, in the present study, DRG neuronal hyperexcitability probably arises from the effect of CX3CL1 signaling on the function of ion channels. Importantly, another study showed that the increase of CX3CL1 also contributes to the chemotherapeutic paclitaxel-induced chronic pain via enhancing DRG neuronal excitability. 10 Together with the present study, we hypothesize that CX3CL1 might be a common molecule in chemotherapy-induced chronic pain.
As an important transcription factor, NF-jB is originally known to regulate inflammation and immune responses 35 and is now believed to be implicated in synaptic plasticity, learning, memory formation, neurotransmission, and neuroprotection in the nervous system. [36] [37] [38] [39] Recent studies have shown that NF-jB was also involved in the induction and maintenance of acute and chronic pain following nerve inflammation or injury. 18, 40, 41 For example, NF-jB activation in DRGmediated chronic pain induced by an inflammatory response. 18 Consistent with these findings, we further found that NF-jB was markedly activated in DRG of oxalipatin-induced chronic pain rats. In support of our findings, peer studies have found that oxaliplatin induced NF-jB activation in several cell lines. 42, 43 Moreover, the present study showed that inhibition of NF-jB p65 activation by application of PDTC or siRNA ameliorated the thermal hyperalgesia following consecutive oxaliplatin treatment. Studies showed that NF-jB p65 activation mediated cytokine or chemokine expression, 8, 18 enhancement of neuronal excitability that contributed to chronic pain. 44 In the present study, we also observed colocalization of NF-jB p65 and CX3CL1 in DRG cells, and intrathecal injection of PDTC or siRNA attenuated the CX3CL1 upregulation induced by oxaliplatin treatment. In line with our findings, Li et al. 9 have reported that intrathecal injection of PDTC or siRNA decreased the spinal CX3CL1 upregulation induced by paclitaxel treatment. However, we cannot exclude the possibility that the intrathecal dosing scheme used in the present study affects the expression of CX3CL1 in the spinal cord. Furthermore, our data unequivocally showed that p-p65 directly bound to the CX3CL1 promoter region upregulated CX3CL1 expression in DRG. In support of our findings, recent studies have revealed that CX3CL1 expression was upregulated by increased NF-jB p65 binding and H4 acetylation in the CX3CL1 promoter region, thus contributing to oxaliplatin-induced acute pain and paclitaxel-induced mechanical allodynia. 8, 9 Studies showed that NF-jB, via mediating Intrathecal administration of PDTC (200 ng/10 ml for 10 days) or p65 siRNA (50 lg/15 ll for 10 days) decreased the upregulation of CX3CL1 mRNA in DRG of oxaliplatin-treated rats on day 7 (n ¼ 6 in each group; **P < 0.01 versus corresponding veh group, ## P < 0.01 versus oxal group). (c) Intrathecal injection of PDTC or p65 siRNA reduced the upregulation of p-p65 and CX3CL1 protein levels in DRG of oxaliplatin-treated rats on day 7 (n ¼ 6 in each group; **P < 0.01 versus corresponding veh group, ## P < 0.01 versus oxal group). (d) A quantitative real-time polymerase chain reaction showed the enhanced recruitment of NF-jB p65 to the CX3CL1 gene promoter following oxaliplatin treatment (n ¼ 6 in each group; **P < 0.01 versus veh group).
chemokines synthesis, regulated many channels' expression. For example, chemokine CXCL1 mediated by NF-jB activation modulates neuronal excitability of DRG neurons by increasing sodium currents, potassium currents, and the function of TRPV1 channels. [45] [46] [47] Therefore, it is possible that the upregulation of CX3CL1 in DRG mediated by NFjB p65 activation enhances neuronal excitability and contributes to the chronic pain following oxaliplatin treatment.
